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[57] ABSTRACT

A high frequency matrix transformer power converter
module includes a dedicated, pre-wired secondary
winding, inductor and filter capacitor wherein the elec-
trical conductor forming the dedicated secondary wind-
ing is made from a flat ribbon material and passes
through adjacent cores forming the interdependent
magnetic elements of the matrix transformer such that
helical portions of the conductor forming the winding

- are in complementary arrangement within the core

structure and provide an opening through which a sec-
ond electrical conductor forming a primary winding
may be inserted after the module is constructed to ob-
tain the desired transformation characteristics. A num-
ber of modules may be arranged side-by-side to provide
a higher power output wherein the output voltage bus-

~ ses of the modules are connected together and wherein

through holes of each module are in registry to permit
wiring of an undedicated primary winding to obtain the
desired power output. |

12 Claims, 2 Drawing Sheets
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HIGH FREQUENCY MATRIX TRANSFORMER
POWER CONVERTER MODULE

BACKGROUND OF THE INVENTION

The present invention relates generally to power
converter systems and deals more particularly with a
matrix transformer power converter module having a
dedicated, pre-wired secondary winding and provisions
for post installation wiring of an undedicated primary
winding.

The problems associated with the construction and
operation of conventional high frequency power con-
verters are well known. Conventional converters utilize
bulky foil transformers and conductors, require com-
plex and costly sheet metal fabrication for interconnec-
tions, exhibit Poor thermal conductivity and poor shock
and vibration characteristics among others. In addition,
the power output for a given design is generally fixed so

that higher power output requirements necessitate new
designs and larger, bulkier components. Accordingly, a
user 1S restricted to the available power outputs pro-

duced by the commercially available units or must un-
dertake a new design to accommodate the performance
specifications of the specific application. Furthermore,
all conventional power converters are pre-wired and
any attempt to “customize’ a given converter requires
major modifications to the converter components.
The development of the matrix transformer as de-

scribed in U.S. Pat. No. 4,665,357 issued May 12, 1987

to Herbert and assigned to the same assignee as the
Present invention has solved a number of problems and
drawbacks associated with conventional bulky trans-
formers. For further details of the matrix transformer
and its operation, reference may be made to the above-
identified Patent and which disclosure is incorporated
herein by reference.

The features and advantages of the matrix trans-
former are used in the present invention to provide a
matrix transformer module having a dedicated, pre-
wired secondary winding and provision for an un-
dedicated primary winding to permit a user to employ
one or more modules to achieve a desired power output
by passing the electrical conductor of the primary
winding through each of the modules after the con-
struction, installation and mounting of the modules.

It 1s therefore the general aim of the present invention
to provide a matrix transformer module for a high fre-
quency power converter that generally overcomes the
problems associated with known power converters.

It is a further aim of the present invention to provide
a matrix transformer module that has a dedicated, pre-
Wired secondary winding and provision {0 permit the
post wiring of an undedicated Primary wiring through
one or more modules to achieve a desired power output.

It is yet a further aim of the present invention to
provide a dedicated winding made from an electrical
conductor to have a shape and configuration which
forms a passage through the magnetic core structure of
the matrix transformer section of the module to permit
post wiring installation of the primary winding.

SUMMARY OF THE INVENTION

In accordance with the present invention, a matrix
transformer module for use in a high frequency power
converter is presented. The module includes at least one
interdependent magnetic element which defines a ma-
trix transformer section and includes means in each of
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the interdependent magnetic elements defining at least
one Winding that comprises an electrical conductor
having first and second ends and where the winding

passes at least once through each of the interdependent

magnetic elements. The one winding is a dedicated,
pre-Wired winding and for purposes of explanation 1s
considered to be a secondary winding. The winding has
a shape and configuration which defines a passage for
receiving a second electrical conductor which forms a
second winding, considered for explanatory purposes to
be the primary winding.

The module may further include an inductor having
one terminal coupled to the secondary winding and its
other terminal connected to a first output terminal of
the module which defines a first voltage distribution bus
whereby the inductor is in series between the secondary
winding and the first output terminal. The module fur-
ther includes a second voltage distribution bus which is
physically and electrically separated and insulated from

the first voltage distribution bus whereby a voltage
potential is developed between the busses when the
electrical conductor carrying an excitation signal is
present to form the primary winding and to induce a
voltage in the secondary winding. The module may
further include a capacitor in close proximity to the
inductor and is coupled between the first and second
voltage distribution busses to form an output voltage
filter. |

In a further aspect of the invention, a power semicon-
ductor rectifier circuit may be mounted in close proxim-
ity to the secondary winding to rectify the output volt-
age potential developed between the voltage distribu-
tion busses.

‘The matrix transformer section includes a dedicated
winding which may be made from a flat ribbon sheet
metal material which is U-shaped and has legs extend-
ing through the magnetic cores comprising the interde-
pendent magnetic element wherein the legs include an
elongated helical portion having a shape and size con-
forming to the inner periphery of the magnetic core
such that the secondary winding comprises two such
U-shaped members in a complementary arrangement to
define a passageway through the core and winding to
allow an electrical conductor to be post installation
wired as a primary winding in accordance with the
number of modules used and in accordance with the
number of primary turns that are required for the given
power application.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the Present inven-
tion will become readily apparent from the following
written description and figures wherein:

FIG. 1 is a schematic top plan view of the high fre-

- quency matrix transformer power converter module of

the present invention illustrating the placement of the
major components comprising the converter module.
FIG. 2 1s a schematic top plan view of the high fre-
quency matrix transformer power converter module
illustrating the inductor connected to one end of the
dedicated, pre-wired winding of the matrix transformer

 section wherein the opposite ends of the winding are

coupled to a power semiconductor rectifying device.

FIG. 3 is a schematic, side elevation view of the high
frequency matrix transformer power converter module
of FIG. 2.
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FIG. 4 1s a schematic top plan view of a number of
power converter modules having their respective out-
puts connected in parallel to produce a higher power
output wherein the modules are shown with a primary
winding passing through each of the adjacent modules.

FIG. 5 1s a schematic top plan view of a matrix trans-
former section made up of a number of magnetic cores
interwired with a dedicated winding formed from com-
plementary U-shaped electrical conductors having a
semihelical portions which define a coaxial opening
through the cores and through which an electrical con-
ductor of undedicated winding is passed.

FIG. 6 tllustrates the shape of the flat ribbon sheet
material from which the U-shaped conductor compris-
ing the dedicated windings is formed.

- FIG. 7 illustrates in greater detail the U-shaped elec-
trical conductor of the dedicated winding.

FIG. 8 is a pictorial representation of a potted power
converter module wherein the through holes for receiv-
ing the electrical conductor of the undedicated winding
are illustrated. |

FIG. 9 is a pictorial representation of a number of
potted power converter modules arranged side-by-side
on an Insulated circuit card wherein the output termi-
nals within the modules are connected to power busses.

DETAIL DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Turning now to the drawings and considering the
invention in further detail, FIG. 1 illustrates a typical
component placement wherein the module, generalily
designated 10 is carried on a thermally conductive base
plate 12 and includes a voltage distribution bus 14 in the
form of a sheet metal conductive materials such.as cop-
per. The bus 14 has an elongated rectangular shape
conforming to the basic module package configuration.
In FIG. 1, the bus 14 is illustrated connected to a power
semiconductor rectifying device 16 which may be
mounted and heat sinked in a manner well known in the
art. A matrix transformer section generally designated
18 includes a number of magnetic core structures 20, 22
and an inductor 24. The cores 20, 22 include a second-
ary winding, illustrated as a push-pull winding 26, pre-
wired as a dedicated secondary winding and which is
physically arranged as described below to permit-the
passage of an electrical conductor which serves as an
undedicated primary winding for the module. The mod-
ule 10 further includes a filter capacitor 28 connected
between the inductor 24 and the voltage bus 14 and
which capacitor serves to filter the DC output voltage
when the module is interwired with a primary winding
to excite the transformer. A second voltage distribution
bus 30 (shown partially cut away to reveal the inductor
24 and capacitor 28) is connected to one terminal of the
inductor 24 and to one terminal of the capacitor 28. In
operation, the matrix transformer power converter
module develops a voltage potential beiween the two
voltage distribution busses 14 and 30.

Turning now to FIGS. 2 and 3, a matrix transformer
section 1s illustrated coupled to a power semiconductor
rectifying device. The module is shown as being con-
tained within an enclosure 32 having a cover 34 and a
base 36. The primary winding is unconstrained and may
be a push-pull winding, symmetrical push-pull winding,
a bridge winding or a half bridge winding and it can be
used in any circuit topology that uses transformer. In
the illustrated embodiment, the interdependent mag-
. netic element comprises four magnetic cores 38, 40, 42,
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~ 44. The magnetic cores are cylindrically shaped and

cores 3B and 4B are placed end-to-end and are immedi-
ately adjacent to two cores 42, 44 which are also placed
end-to-end. The dedicated secondary winding is illus-
trated as a push-pull winding wherein the winding 1is
made up of two U-shaped electrical conductors 46, 48
which form the secondary winding and also serve to

- define the elongated axial openings 50, 52 through the

10

respective core pairs. Although individual cores are
illustrated, a singled, solid body core having passages

~ extending through the body can be used. The shape of
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the body and the passages are not critical provided
normal magnetic criteria are met. The specific shape
and configuration of the U-shaped members is described
in further detail below.

As illustrated in FIGS. 2 and 3, the U-shaped member
46 has a bridging member 54 which is continuous with
and integral to the axially elongated helical portions 56,
58 of each respective leg of the U-shaped member. In
addition, each respective leg includes an elongated por-
tion 60, 62 integral and continuous with a respective
helical portion 56, 58. The U-shaped member 48 is simi-
larly constructed and includes a bridging member 64
integral and continuous with two helical portions 66, 68
of each respective leg of the U-shaped member. Each
leg further has an elongated portion 70, 72 integral to
and continuous with each respective helical portion 66,
68 of the legs of the U-shaped member 48. One end 74
of the U-shaped member 46 is connected to one end 76
of the U-shaped member 48 and to one end 78 of the
conductor 24. The opposite end 80 of the U-shaped
member 48 is connected to one terminal 17 of the power
semiconductor device 16. The other end 82 of the U-
shaped member 46 is connected to another terminal 15
of the power semiconductor device !6 as illustrated. As
can be seen, the U-shaped members 46 and 48 defining
the dedicated secondary winding is fabricated and con-
figured such that the conductor 24 and the power semi-
conductor device 16 maybe located in close proximity
to the cores and windings forming the matrix trans-

former sections.

The module of FIGS. 2 and 3 show a secondary
winding made from a pair of helical U-shaped formed
conductors which provide a substantial conductor and a
large, round through hole. However, the winding can
be made of any material customartly used to make wind-
ings, in any configuration and with any number of turns,
provided only that there are sufficient window area
remaining to provide a through hole.

Also, the module is illustrated in a configuration suit-
able for a secondary of a matrix transformer. In any
transformer, “primary’”’ and ‘““‘secondary’’are arbitrary
designations and can be interchanged for different ap-
plications. A matrix transformer can have a plurality of

- primaries, interwired in parallel, with a series second-

63

ary. For such a transformer, the modules would use or
connect to primary switching means. A number of mod-
ules can be placed side-by-side with their through holes
aligned and a secondary winding can then be wound
through the aligned through holes as required for the
application.

Although cylindrical shaped magnetic cores are illus-
trated, it will be recognized that other shapes may be
used and that the U-shaped members will have legs-
conforming to the inner peripheral shape of the cores.
For instance, with square or rectangular through holes,
a folded sheet metal U-shaped conductor member can
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be used. Obviously the several cores could be replaced
with one solid core having two through holes.

As can be seen in FIG. 3, one voltage distribution bus

84 one end 86 connected to a terminal 19 of the power
semiconductor device 16 and its opposite end 88 serves
as one output terminal of the power converter module.
A second output terminal 90 from the Power converter
module is connected to one terminal 79 of the inductor
24 and across which terminals 88 and 90 is developed
the desired rectified DC voltage potential having the
desired power rating.

FIG. 4 illustrates schematically five matrix trans-
former power converter modules 100, 100 arranged
with their respective like voltage output terminals con-
nected to one bus bar !02 and their other respective like
voltages output terminals connected to another bus bar
104. A primary winding 106 is shown representatively
as a symmetrical push-pull winding connected to a DC
voltage input represented by function block 108. The
electrical conductors forming the primary winding are
inserted through the passages (shown as openings 50, 52
in FIG. 3) and connect to switching semiconductor
devices 110, 112 which are alternately energized be-
tween a conductive and nonconductive state to produce
the excitation voltage in the primary winding which
induces a voltage in the dedicated, pre-wired secondary
winding of each module to produce the desired voltage
output potential across the bus bars 102 and 104. The
present invention provides flexibility to a user since the
number of turns of the primary winding 106 may be
increased or decreased after the converter modules are
constructed and arranged as shown since the primary
winding is undedicated and wired separately from the
dedicated, pre-wired secondary winding. The primary
winding is unconstrained and may be a push-pull wind-
ing, symmetrical push-pull winding, a bridge winding
or a half bridge winding and it can be used in any circuit
topology that uses iransformers. The converter may
operate at different DC voltage inputs for a desired DC
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voltage and current output by changing the number of 40

turns of the Primary winding and the driver semicon-
ductors 110 and 112. |

Turning to FIG. §, the U-shaped members 46 and 48
described above and in connection with FI1G. 2 are
illustrated schematically inserted in the magnetic cores
of a matrix transformer. The surface area within the
core conforms to the inner circumferential peripheral
shape of the core and is axially elongated and symmetri-
cal about a longitudinal axis 114 as illustrated in FIG. 7.
The two U-shaped members 46 and 48 are inserted from
opposite directions through the magnetic cores with the
respective elongated sections 70 and 80 of each leg of
the U-shaped member 48 extended in the longitudinal
direction as illustrated by the phantom representation.
Likewise, the elongated portions 64, 62 of each respec-
tive leg of the U-shaped member 46 also are in the axi-
ally elongated orientation when inserted into the cores.
As can be seen, the U-shaped members provide a
method of forming a dedicated, pre-wired winding in
the core structure that provides a large surface area to
carry large currents while providing for a coaxial open-
ing through the core and through which opening an
electrical conductor serving as a second winding may
be inserted after the module is constructed. It can be
seen from FIG. § that a matrix transformer module
having a core, and a dedicated winding with through
holes can be made wherein the module may be used in
various configuration of a matrix transformer allowing
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an undedicated winding or windings to be added as
design requirements dictate.

Since the legs of the U-shaped members may be bent
at right angles and are made of sheet material, the ma-
trix transformer structure is dimensionally smaller and
less bulky than a conventional transformer. The relative
compactness of the matrix transformer section con-

“struction permits components to be mounted in close

proximity to matrix transformer to minimize connection
distances which improves high frequency operation.
The axially elongated portions of the legs of the U-
shaped members may be fabricated and folded 1n differ-
ent orientations to permit mounting in a printed circuit
board, surface mounting and other mounting configura-
tions as is known in the art. Also, the ends of the legs
may be configures as pins, tabs and the like. | |

FIG. 6 is a plan view of the U-shaped member as cut
or stamped from sheet material prior to bending into its
U-shaped and the formation of the semi-helical sections.

The design of the semi-helical Portions of the U-
shaped corductor allows at least four magnetic cores to
be used in the matrix transformer section and eliminates
the need for external crossovers that are present when
conventional wire conductors are used for the wind-
ings. In addition, since the dedicated secondary winding
provides a substantial reduction in the space normally
required with conventional transformers, it is relatively
easy to provide additional insulation between the sec-
ondary winding and the core while still providing suffi-
cient space for the electrical conductor of the primary
winding and also for additional insulation between the
electrical conductor of the primary winding and the
secondary winding.

Turning now to FIG. 8, a pictorial representation of
a potted power converter module embodying the pres-
ent invention is illustrated therein and generally desig-
nated 120. The matrix transformer power converter
module is constructed in the normal manner and then
encapsulated leaving axial through holes 122 and 124
extending transverse by through the module to permit
wiring of the undedicating primary winding. The pot-
ted module 120 also includes voltage distribution busses
126 and 128 which may be connected to an external bus
bar in a similar manner as illustrated in FIG. 4. As
shown in FIG. 8, the voltage distribution busses 126 and
128 sandwich an insulating circuit card 130. As in the
multiple module converter illustrated in FIG. 4, the
primary winding and the number of modules used of the
potted module 120 of FIG. 8 may be changed to accom-
modate various magnitude DC input voltages to pro-
vide a desired output voltage and current. In general,
the greater number of modules used produce a higher
output current and accordingly an increase in power.

- Por a give output voltage, adding turns to the windings
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or adding modules or both allows an increased input
voltage to be used.

FIG. 9 is a pictoral representation of a number of
potted matrix transformer power converter modules
arranged side-by-side on an insulated circuit card and
illustrates an arrangement of ten modules to form a
power converter generally designated 132. Each of the
modules 134, 134 have their respective like voltage
output terminals connected to a respective voltage dis-
tribution bus 136 and !38. The modules are mounted on
a circuit card 140 which may also function as a heat sink
for the converter modules. The modules may further be
mechanically attached to the board 140 to provide bet-
ter thermal conductivity. Also shown mounted on the
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board 140 are semiconductor Power switching devices
142, 144 connected to a primary winding generally
designated 146 and which electrical conductor forming
the primary winding 146 interwires the modules 134,
134 after they have been installed and in accordance
with the DC voltage input and output voltage and cur-
rent requirements. Again it can be seen that the matrix
transformer power converter module embodying the
present invention permits the construction of a high
frequency, high power convertor that operates effi-
ciently and effectively at high frequency while retaining
a low profile and a compact package configuration.

10

A high frequency matrix transformer power con-

verter module has been described above in several pre-
ferred embodiments. It will be understood that numer-
ous changes and modifications may be made without
departing from the spirit of the invention and therefore
the invention has been presented by way of illustration
rather than limitation.
We claim
1. Matrix transformer converter module for use in a
high frequency power converter, said module compris-
ing,
at least one interdependent magnetic element defining
a matrix transformer section;
means in each of said at least one interdependent
magnetic elements defining at least one winding
comprising an electrical conductor and having first
and second ends, said at least one winding passing
at least once through each of said at least one inter-
dependent magnetic elements defining said matrix
transformer section:
sald means defining said at least one winding further
means defining a passage for receiving a second
electrical conductor having first and second ends
to form at least one second winding:
inductor circuit means having two terminals, one of
which terminals is coupled to said at least one
winding and the other of which terminal is coupled
to a output terminal defining a first voltage distri-
bution bus whereby said inductor circuit means is
in series between said at least one winding and said
output terminal, and
a second voltage distribution bus, said first and sec-
ond distribution busses being physically and elec-
trically separated from one another whereby a
voltage potential is developed between said busses
when an electrical conductor carrying an excita-
tion signal 1s present to form said second winding.
2. Matrix transformer converter module as defined in
claim 1 further comprising capacitor circuit means in
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close proximity to said inductor circuit means and cou-

pled between said first and second voltage distribution
busses to form an output voltage filter.

3. Matrix transformer converter module as deﬁned in
claim 2 further comprising semiconductor power recti-
fier circuit means in close proximity to said matrix trans-
former section and coupled to said first and second ends
of said electrical conductor comprising said at least one
winding for rectifying said voltage potential developed
between said busses.

4. Matrix transformer converter module as defined in
claim 3 wherein said power semiconductor rectifier
circuit means said 1s carried on and supported by a
thermally conductive base plate having two planar
surfaces disposed opposite one another.

5. Matrix transformer converter module as defined in
claim 2 further comprising said first and second voltage
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distribution busses being carried and supported by an
insulated circuit card having two planar surfaces dis-
posed opposite one another.

6. Matrix transformer converter module as defined in
claim 5 wherein said first and second voltage distribu-
tion busses are disposed opposite one another on said
opposite surfaces of said insulated circuit card, said
busses having a generally rectangular shape with two
longitudinal sides and two transverse sides generally
smaller in dimension than the sides to form a generally
rectangular longitudinally elongated package.

7. Matrix transformer converter module as defined in
claim 6 wherein said matrix transformer section com-
prises means defining at least one magnetic core.

8. Matrix transformer converter module as defined in
claim 7 further comprising said at least magnetic core
being a solid body having first and second passages
extending therethrough each having an inner circum-
ferential surface and a first and second end portion;

said at least one winding further comprising a U-

shaped electrical conductor substantially symmet-
rical about a longitudinal axis and defining two legs
which are substantially parallel to one another and
in a spaced apart relationship, said legs having a
bridging portion formed from the electrical con-
ductor and extending transversely between said
legs at the U-end of said electrical conductor, one
leg of said U-shaped conductor being associated
with and passing through said first passage and the
other leg of said U-shaped conductor being associ-
ated with and passing through said second passage,
and

said legs of said U-shaped conductor further com-

prise an axially elongated portion and a continuous,
axially elongated semi-helical portion terminating
at and in said bridging portion, said axially elon-
gated semi-helical portion having a surface contour
substantially conforming to the inner peripheral
surface of said first and second passage said semi-
helical section having an axial length dimension
substantially equal to the longitudinal dimension of
said first and second passages 1n said core body
through which said leg passes, said semi-helical
sections being arranged for complementary place-
ment with a semi-helical section of a second U-
shaped conductor within the inner peripheral sur-
face, said second U-shaped conductor entering said
core body through the opposite end portion of said
core body from which said first U-shaped conduc-
tor enters whereby said conductors form a dedi-
cated and pre-wired winding defining a coaxial
opening through said first and second passages.

9. Matrix transformer converter module as defined in
claim 7 further comprising said at least magnetic core
having a number of cylindrically shaped cores each
having an inner circumferential surface and a first and
second end portion;

said at least one winding further comprising a U-

shaped electrical conductor substantially symmet-
rical about a longitudinal axis and defining two legs
which are substantially parallel to one another and
In a spaced apart relationship, said legs having a
bridging portion formed from the electrical con-
ductor and extending transversely between said
legs at the U-end of said electrical conductor, one
leg of said U-shaped conductor being associated
with and passing through a first number of cores
and the other leg of said U-shaped conductor being
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associated with and passing through a second num-

ber of cores, and

said electrical conductor further comprising a flat
ribbon sheet metal material and wherein each of
said legs of said U-shaped conductor further com-
prise an axially elongated portion and a continuous,
axially elongated semihelical portion terminating at
and in said bridging portion, said axially elongated
portion of said leg having a surface curvature sub-
stantially conforming to the inner circumferential
peripheral surface of said core, said axially elon-
gated semi-helica) portion having a surface curva-
ture substantially conforming to the inner circum-
ferential peripheral surface of said core, said semi-
helical section having an axial length dimension
substantially equal to the longitudinal dimenston of
said number of cores through which said leg passes,
said semi-helical sections being arranged for com-
plementary placement with a semi-helical section
of a second U-shaped conductor within the inner
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circumferential peripheral surface, said second
- U-shaped conductor entering said core through the
opposite end portion of said core from which said
first U-shaped conductor enters whereby said con-
ductors form a dedicated and pre-wired winding
defining a coaxial opening through said cores.

10. Matrix transformer converter module as defined
in claim 9 further compnsmg an 1msulating sleeve coax-.
ial with said opening formed by said helical portions of
sald electrical conductors.

11. Matrix transformer converter module as defined
in claim 9 further comprising said matrix transformer
sections being arranged on said module so that said
openings in cores in another converter module located
immediately adjacent to said first module are in registry
with one another.

12. Matrix transformer converter module as defined

in claim 9 further comprising said module being potted.
| x % : ¥ *
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